The S. cerevisiae SUMO stress response is a conjugation-deconjugation cycle that targets the transcription machinery.
The small ubiquitin-related modifier (SUMO) "stress response" (SSR) is a poorly understood evolutionarily conserved phenomenon in which steady-state SUMO conjugate levels are dramatically increased in response to environmental stresses. Here we characterize Saccharomyces cerevisiae SSR kinetics in response to several different types of stress, demonstrate that SSR activation and inactivation do not require protein synthesis or proteasome-dependent degradation, and establish that the SSR is effected primarily by the Siz1 E3 ligase and inactivated by the SUMO-specific protease Ulp2. Affinity purification coupled with mass spectrometry identifies the primary hyperosmotic SSR targets as components of the TFIID and mediator complexes, Pol II-associated mRNA maturation factors, chromatin remodeling proteins, and the transcriptional co-repressor Tup1-Cyc8. Consistent with these findings, our data also suggest that ongoing transcription (but not translation) is required to activate the SSR. The SSR thus does not appear to be directly linked to the stress itself, but likely represents a synchronized wave of sumoylation that occurs as a consequence of the large-scale, coordinated changes in the transcriptional program in response to environmental stress. SUMO is a ubiquitin-like protein with a number of important biological functions. Increased levels of sumoylation are associated with a number of human diseases, and previous reports have described an evolutionarily conserved "SUMO stress response" (SSR), in which SUMO conjugate levels are markedly increased in response to environmental stresses. However, the connection between cellular stress and sumoylation has remained poorly understood. Here we conduct the first in-depth characterization of the S. cerevisiae SSR. The SUMO system components required to effect it are identified, and SSR kinetics in response to different types of environmental stresses are established. Using mass spectrometry, we identify the principle osmotic shock-associated SSR targets as components of the basal transcription machinery, transcriptional regulators and chromatin remodeling complexes. Consistent with these data, we also observe that the sumoylation of SSR targets is dependent upon, and thus appears to be coupled with, transcription. Together, our data suggest that the SSR is not responsive to environmental stress per se, but more likely reflects a synchronized, transcription-coupled wave of sumoylation that accompanies the rapid, global re-programming of transcription in response to stress. This article is part of a Special Issue entitled: Protein dynamics in health and disease. Guest Editors: Pierre Thibault and Anne-Claude Gingras.